In contemporary mathematics, the simplicial complexes are studied in graph theory by considering them as higher dimensional graphs. The main aim of this article is to apply the notion of incidence matrices of oriented simplicial complexes to compute combinatorial laplacian of simplicial complexes directly.
Introduction
In computation of combinatorial laplacian of a simplicial complex one has to compute the matrix representation of the boundary operator between the chain complexes of higher orders. As already defined in [3] that the combinatorial laplacian operator of higher orders say q of an oriented simplicial complex with dimension greater than q − 1 is obtained by knowing the matrix representation of simplicial boundary operators ∂ q and ∂ q−1 . In this article we prove that the combinatorial laplacian of an oriented simplicil complex can be computed directly just by computing the incidence matrices of that order. Thus this method gives a simpler and direct method for computation of the combinatorial laplacian of oriented simplicial complex.
Definitions
For definition of oriented simplicial complex, oreinted simplexes readers are suggested to refer [1] . 
The incidence matrix of a directed graph G is the matrix
where a ij is the incidence number [σ
Where σ 1 j is the directed edge i.e., the 1-dimensional simplex and σ 0 i is the vertex i.e., the 0-simplex. We generalise the above definition and define the higher order incidence matrices for an oriented simplicial complexes as follows.
Definition 2.4
Let K be a oriented simplicial complex of dimension k. Let the total number of k − 1 simplexes be m and the total number of k simplexes be n Then incidence matrix of order k, I k is defined as follows:
Where a ij is the incidence number of the pair (σ
Main Result
In this section we prove that for a simplicial complex K with dim K ≥ q, the matrix representation of a simplicial boundary operator ∂ q : C q (K) → C q (K − 1) can be computed in terms of the incidence matrix of the simplicial complex K of order q.
Let B q be the matrix representation of the boundary operator 
We prove here that the combinatorial Laplacian of order q, L q (K) : C q (K) → C q (K) can be determined directly by calculating the incidence matrices of higher orders.
Theorem 3.2 Let K be an oriented simplicial complex with dim
where I q+1 and I q are the incidence matrices of order q + 1 and q.
Proof :
The q-dimensional chain complex C q (K) is a vector space of oriented q-chains on K with coefficients in R. All the q-simplexes of K forms a basis for
is defined by extending linearly the following map on basis elements.
with the property that ∂ q−1 ∂ q = 0 wherev i means the vertex v i has been omitted. The boundary operator ∂ q : C q (K) → C q−1 (K) can also be defined as the following [1] .
where [σ q , σ
] is the incidence number of the simplices σ
. . , q, and we observe that each of these faces gets orientation by the orientation of σ q . Thus calculationg the incidence number [σ q , σ
] we find that the incidence number is (−1) i and, therefore, both the definitions in equations (1) and (2) are equivalent.
Let the cardinality of the set of all q-simplices be n i.e., there are {σ (2) is following
Thus the matrix B q associated with the boundary operator ∂ q is the following
Also observe that by the definition of incidence matrix, the incidence matrix of order q, I q is given by 
